Abstract-For the first time application of the phase conjugation assisted radar to through-wall target localization is investigated in the paper. It is demonstrated that both single and multiple targets can be localized using the technique despite high wall reflectivity and moderate losses.
INTRODUCTION
Localisation of objects obstructed by a wall has been the subject of growing interest with prospective applications varying from security and military to rescue and first responder services [1] . There are a number of techniques demonstrated with most of them reliant on the digital processing of the image using low signal to noise data whereas analogue alternatives could be more cost effective and ensure faster system response.
Phase conjugation is a well-known technique for realisation of retrodirective antennas with several established analogue hardware implementations available [2, 3] . It has been shown that phase conjugation antenna array can almost immediately lock on a target without any digital processing involvement [4] . In a separate development a single antenna time-reversal technique (time-domain equivalent of phase conjugation) has been presented for target detection in scattered clutter [5] . In this paper we extend both techniques to investigate cross-range target detection in a through-wall imaging scenario. Below it will be shown that the obstructing effect of a solid wall can be removed and location of obscured targets can be established.
II. PHASE CONJUGATION ASSISTED RADAR
Consider a radar system comprised of N-element equally spaced transmitting and receiving arrays. For phase conjugation assisted radar phase information from received signal is conjugated and imposed on the transmitted signal. Transmit and receive arrays are considered in this paper to be placed very close to each other so that the setup constitutes an approximate mono static arrangement. The signal propagation between the elements of receiving and transmitting arrays is described by the channel transmission matrix H. The elements of the matrix can be either measured directly or simulated.
In the paper 3D ray tracing solver of WinProp by AWE Communications GmbH, is employed as an efficient simulation tool for calculating the transmission matrix. We assume that all the antennas are omnidirectional. The transmission matrices are simulated for a number of scenarios described below.
The operating scheme for the phase conjugation radar scenario can be written as follows: a) Send a signal X o from the illumination source towards the target. The signal gets reflected back to the radar and the signal received at the antenna reads as
Yo=HX o
where X o is the illumination signal, H is a transmission matrix that takes into account all the interactions that have occured on the way from transmitting elements to the receiving elements.
c) The phase conjugated signal is then re-transmitted back to the target in several successive steps as follows:
In this way after each re-transmission more power is directed towards the target and hence the signal to noise ratio at the receive array will improve. d) A background cancellation, differential, method is applied in the paper to allow the radar see through the wall. Assuming that the transmission matrix for the channel without target He can be either measured or calculated independently one may subtract it from channel matrix H that contain the information about both target and the obstacle. The iterative process is corrected then as follows X n= (H-H e ) *X n -1 * In real systems the signals are amplified and influenced by the thermal noise; however those effects are omitted from consideration keeping the scenario as simple as possible.
As the figure of merit showing where the signal in step c) or d) is being returned to, i.e. the location of the target(s), the array factor (AP) for the linear antenna array with excitation vector X n is calculated as:
II is the normalized complex amplitude of excitation signal at z-th antenna element placed at Xi at the n-th iteration of the process, and Ois the scan angle.
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III. RESULTS
The above described process has been applied to target detection behind a 10cm thick glass wall, with permittivity of 6 and conductivity of 0.006 S/m. In both cases the background channel matrix without targets present is simulated then resimulated with 0.5mx0.5m 1m tall square metal cylinders positioned behind the wall. Co-located 10-element linearly spaced transmitting and receiving antenna arrays are employed for the numerical experiment with the separation between the antenna elements set as 0.0625m and operating at 2.45GHz. The boresight of the antenna arrays correspond to T=90q direction of the array factor diagrams.
A. Single target
Let us first investigate a single target localisation. The glass wall is 2.5m wide and placed 5m away from the antenna arrays. The metallic cylinder is situated 1m behind the wall. Both the wall and the cylinder are symmetric however shifted by 1m along x-axis with respect to the antenna arrays centre. The structure has been simulated and the ray distribution is presented in Fig. 1 . As one can see there are reflections from the wall, diffractions from its edges, and similar contributions from the cylinder, but by the rays already passed the wall. The simulations show the reflection from the wall provides main contribution to the scattered field. Indeed by applying the phase conjugation radar process directly to step c) as described above one can observe in Fig. 2 that the radiation pattern consists of single beam pointing in the boresight direction. This shows that the radar is focussed onto the primary reflection from the front wall rather than the target behind the wall.
There are many rays that get reflected directly from the surface of the glass, thus minimising the amount of energy that is reaching the target as well as being returned to the receiver array after backscattering of the energy that reaches the target. The estimation of reflection and insertion loss of the glass wall gives 9dB attenuation for one way trip of a ray through the wall. Bearing in mind that the ray hitting the target additionally experience diffraction loss it is obvious that the contribution of the energy interacting with the target will be hardly discernable at the radar if conventional means are used.
When the background cancellation process step d) is invoked the situation changes dramatically, as demonstrated in Fig. 3 . The radiation patterns of the re-transmit array focuses onto the target located behind the wall. 
B. Two targets
It is also interesting to investigate how the possibility to detect multiple targets. For this purpose the structure shown in Fig. 4 has been simulated. The two metallic cylinders are 0.5m behind 4m wide glass wall, which is 5m away from the antenna arrays. On the contrary to the single target scenario, all the objects are symmetrical. The cylinders are placed 2m apart from each other.
The ray distribution shown in Fig. 4 demonstrates multiple reflections and diffractions both from the wall and the targets. It is interesting to notice that there are many secondary reflections from the cylinders to the wall and back as the objects are closer to each other than in previous section. However, those reflections are attenuated when propagate back through the wall and only few of them can make significant contribution to the scattered field.
Applying the phase conjugation radar process without differencing one can observe in However, when the background cancellation process step d) is applied the radiation pattern changes, see Fig. 6 . One can observe the radiation pattern splits and tracks both targets simultaneously due to the natural capability of self tracking systems to focus energy on the main scatterers. 
IV. СONCLUSION
Trough-wall target localisation with differential phase conjugation assisted radar has been proposed in the paper. It has been demonstrated that the method allows localisation of both single and multiple targets despite the presence of a highly reflective, lossy wall. 
